Summary
Neisseria gonorrhoeae of pilated T1 and nonpilated T4 colony types attached themselves tohumansperm in greatest numbers and most reproducibly when suspensions of the cells were incubated at 350 C in Ringer's solution, pH 6 8. After incubation for 15 or 30 min. in a water bath shaker, 50 per cent. of human sperm had T1 gonococci attached and 25 per cent. T4.
Sperm and both types of gonococci were pre-incubated separately with various chemical agents, selected because the agent is found in genital fluids, or has a known effect on bacterial cell walls or sperm membrane. After treatment, sperm were washed or were not washed, and were then tested for attachment by mixture with untreated gonococci. Treated gonococci were handled in the same manner. Change in the percentage of attachment was defined as deviation from the range expected on the basis of a standard curve. Treatment of sperm with the nucleotides, ATP or cAMP, curtailed attachment by Ti gonococci but had no effect on attachment by T4. Treatment ofgonococci with calcium salts and the enzymes, trypsin, alpha chymotrypsin, and lysozyme, reduced attachment of Ti bacteria to the percentage expected for nonpilated T4 gonococci. Electron micrographs of TI gonococci treated with concentrations ofenzymes sufficient to reduce attachment showed loss of pili. Attachment of both Ti and T4 gonococci was enhanced by treatment of bacteria with iron salts. These data demonstrated that attachment is not a simple sticking together of eukaryotic and proPresented in part at the 28th General Assembly of the IUVDT, Malta, April, 1975 Introduction Attachment of Neisseria gonorrhoeae to cells of the prospective human host is probably the initial step of infection (Swanson, 1973; Ward and Watt, 1972; 1973) . We reported that pilated, virulent gonococci of colony types 1 (T1) and 2 (T2) (Jephcott, Reyn, and Birch-Andersen, 1971; Kellogg, Peacock, Deacon Brown, and Pirkle, 1963;  Swanson, Kraus, and Gotschlich, 1971) attached to a greater percentage of sperm than did nonpilated, avirulent cells of colony type 4 (T4) (James-Hlolmquest, Swanson, Buchanan, Wende, and Williams, 1974) . Most eukaryotic cells have some phagocytic capability but human sperm do not. Thus, attachment per se between gonococci and sperm can be examined without concurrent or subsequent phagocytosis.
In the present study, the effect of certain chemical and biochemical agents on attachment was determined. Agents were selected that are found in the male or female reprodutive tracts, or that have specific defined effects on bacterial cell walls or sperm membranes. Each component of the system, sperm, Ti, and T4 gonococci, was tested separately to determine whether a given agent did or did not affect attachment.
Material and methods
Growth and preparation of bacteria Two colonial types, Ti and T4, isolated from N. gonorrhoeae strain WP by the method of Kellogg and others (1963) 
Controls
Untreated sperm and gonococci of both types were mixed and incubated immediately after their respective concentrations were established. If the expected percentage of attachment did not occur with these specimens, the experiment was discarded. In addition, to determine if the solvents in which the agents were suspended, or the volume of the solvent, affected the percentage of attachment, equal proportions of the solvents alone were added to sperm or bacteria. These specimens were pre-incubated, mixed, incubated, and counted exactly like the test specimens. In no case did the solvent or volume alter the percentage of attachment.
Evaluation of attachment of bacteria to sperm At various times, three separate drops of the mixture of bacteria and sperm were pipetted on to a clean glass slide and were allowed to dry in air. The effect of variation in time required for slides to dry and in percentage of attachment that could occur during these times was randomized by use of twenty experiments to define expected range in percentage of attachment. The slides were fixed in 95 per cent. (v/v) aqueous ethanol for 5 min., rinsed with water, flooded with crystal violet (modified Hucker's crystal violet, Gram 1, Paik, 1970) for 15 min., washed with water, and then blotted dry.
A minimum of 100 sperm for each of the 3 drops per slide was counted by light microscopy at a magnification of 400 x. The number of counted sperm with bacteria attached, divided by the total number of sperm counted, multiplied by 100, yielded the percentage of attachment. The mean and standard deviation were claculated from the values of percentage of attachment for three to twenty samples, each slide of 3 drops representing one sample. Baker Chemical Company), each diluted in water to 100 mM, comprised the stock solutions. These solutions were sterilized by filtration (0.20 ,um Nalgene membrane, filter unit, Nalge-Sybron Corp., Rochester, N.Y.), stored at 4°C in light-proof containers, and diluted at the time of use to the desired concentration. In a similar fashion, stock solutions of magnesium chloride (MgCl-6H20: J. T. Baker Chemical Co.) and cupric sulphate (CuSO4 5H2O: J. T. Baker Chemical Co.) were prepared. Determination of the effect of calcium salt (CaCl2 -2H20: Fig. 1 ).
Salts
bacteria to attach to the sperm. Both the concentration of enzyme and the time of pre-incubation influenced the reduction in percentage of attachment. It was found that 5 min. of pre-incubation of bacteria with 10 mg./ml. of lysozyme or 30 min. with 1 0 mg./ml. of the enzyme reduced attachment of Ti gonococci to the level expected for T4 bacteria (Fig. 4A) . When gonococci were pre-incubated for 5 min. with 0-1 mg./ml. of lysozyme, the ability of Ti bacteria to attach was only slightly reduced (Fig. 4B) Fig. 1 ).
Pre-incubation of gonococci for 30 min. with 0 01 mg./ml. of trypsin resulted in normal attachment of Ti and T4 bacteria (Fig. 5 ). Identical treatment with 1 0 mg./ml. of trypsin produced T4 gonococci that attached as expected, and Ti gonococci that attached to the same percentage of sperm as non-pilated T4 bacteria. Electron microscopy of negatively stained gonococci after treatment with 1 0 mg./ml. of trypsin showed fewer pili (Fig. 6B ) than bacteria not treated with the enzyme but incubated under the same conditions (Fig. 6A) . Ti gonococci pre-incubated with this concentration of lysozyme and alpha chymotrypsin also were depilated. No morphological changes in T4 bacteria were seen. Neuraminidase had no effect on attachment when either the sperm, the bacteria, or the mixture was pre-incubated for 30 min. with as much as 0-5 ml. of the enzyme per 0 5 ml. of the sample. Discussion Gonococci can attach to red blood cells (Punsalang and Sawyer, 1973) , to secretory cells lining the Fallopian tubes (Ward, Watt, and Robertson, 1974) , to urethral mucosal cells (Ward, and Watt 1972) , to Ti gonococci were suspended in Ringer's solution, the suspension was divided into two portions of 0 9 ml. each, and 0-1 ml. trypsin solution (10 mg./ml.) was added to one tube and 0-1 ml. RS to the other.
leucocytes (Punsalang and Sawyer, 1973; Swanson, 1973; Swanson and others, 1974; Thomas, Hill, and Tyeryar, 1973) , to epithelial cells (Punsalang and Sawyer, 1973) , to cells in tissue culture (Swanson, 1973) , and to human sperm (James-Holmquest and others, 1974). However indiscriminately these bacteria attach as a species, they are more selective when isolated by colony type and pilation. There are confusing reports on the interaction of gonococci with leucocytes (Ofek, Beachey, and Bisno, 1974; Punsalang and Sawyer, 1973; Swanson and others, 1974; Thomas and others, 1973; Thongthai and Sawyer, 1973) , but pilated Ti gonococci demonstrated superior adherence to all other cell types examined. In the model system described, phagocytosis of gonococci could not occur, so attachment could be studied as an isolated phenomenon. Both sperm and Ti gonococci apparently possessed different receptor sites on their surfaces for attachment. Various agents affected precentage of attachment by action either on Both portions were incubated for 30 min. in a water bath shaker at 35°C, washed twice by centrifugation, negatively stained, and then examined by electron microscopy. Numerous pili are seen on untreated gonococci (A), while treated bacteria have none (B).
x 52,000. bacteria or on sperm, but no agent affected both kinds of cells. These data suggest that attachment is more complex than a simple sticking together of the eukaryotic and prokaryotic cells.
The most dramatic factor that affected the bacteria was iron salt, which greatly enhanced attachment (Fig. 3) . Gonococci treated with iron adhered to sperm so avidly that they appeared like iron filings attached to a magnet. Kellogg and others (1963) suggested that iron added to media enhanced differences between colonial types. Presence of iron did not increase pilation but could effect some other change in the cell wall, an hypothesis that is strengthened by the enhanced attachment of nonpilated T4 bacteria. Various bacterial infections are enhanced in vivo by the presence of iron (Weinberg, 1974) , and 'nutritional' immunity has been proposed to explain the host's response to reduce the amount of iron available to invading pathogens. Augmented ability to attach to human cells would increase the probability of success of a gonococcal infection (Ward and Watt, 1973) . Calcium, if concentrated in uterine or other genital fluids, could have an opposite effect by depressing attachment of Ti cells.
Copper in very low concentration is recognized as both a spermicidal and a bactericidal metal, but, at a mortal concentration (Fiscina, Oster, Oster, and Swanson, 1973) , cupric sulphate did not affect the ability of either gonococci or sperm to participate in attachment. The evidence that viability of bacteria was not required for normal attachment was noted previously in our system (James-Holmquest and others, 1974) and that of others (Thongthai and Sawyer, 1973) .
The report of Mercado, Hicks, Orago, and Rosado (1974) that ATP and cAMP might change polarity of sperm membranes or alter membrane configuration suggested that treatment with these compounds might identify sperm as an active, involved participant or simply as a passive partner to attachment. The ability of nucleotides to alter the sperm to interfere with attachment of Ti bacteria but not to affect the gonococci indicated that there might be sites on sperm membranes to which piliated gonococci preferentially attached, or that the charge of the membrane facilitated attachment. At least one biochemical site on the sperm surface, sialic acid residues, can be ruled out as essential for attachment of piliated gonococci, since both sperm and bacteria treated with neuraminidase (Goodhart, 1969) attached as expected.
Certain cell wall features of Ti gonococci play a significant role in attachment. Trypsin, lysozyme, and alpha chymotrypsin, enzymes found in cervical mucus (Maghissi, 1969; Schumacher and Pearl, 1969; Shih, Kennedy, and Huggins, 1940) all reduced attachment by Ti gonococci, and the effect of each enzyme was enhanced when treated bacteria were washed by centrifugation. These data would be simpler to interpret if all three enzymes were proteolytic, or if lysozyme had not been effective. However, it may be speculated that some surface structures, most probably pili, are directly or indirectly affected by the enzymes, and further damage to these structures is incurred by the stress of centrifugation.
Pili are implicated as structures for attachment for several reasons. Pili have been reported to play a significant role in differential attachment because anti-pili antibody (James-Holmquest and others, 1974) blocked increased attachment by Ti bacteria. Few pili were detected after treatment of pilated Ti gonococci with 1-0 mg./ml. of a solution of purified crystalline trypsin in our studies (Fig. 6B) 
